■ Recall of a studied item and retrieval of its encoding context (source memory) both depend on recollection of qualitative information about the study episode. This study investigated whether recall and source memory engage overlapping neural regions. Participants (n = 18) studied a series of words, which were presented either to the left or right of fixation. fMRI data were collected during a subsequent test phase in which threeletter word-stems were presented, two thirds of which could be completed by a study item. Instructions were to use each stem as a cue to recall a studied word and, when recall was successful, to indicate the wordʼs study location. When recall failed, the stem was to be completed with the first word to come to mind. Relative to stems for which recall failed, word-stems eliciting successful recall were associated with enhanced activity in a variety of cortical regions, including bilateral parietal, posterior midline, and parahippocampal cortex. Activity in these regions was enhanced when recall was accompanied by successful rather than unsuccessful source retrieval. It is proposed that the regions form part of a "recollection network" in which activity is graded according to the amount of information retrieved about a study episode. ■
INTRODUCTION
Since the advent of event-related fMRI, numerous studies have been conducted with the aim of identifying the neural correlates of successful episodic memory retrieval (recollection of qualitative information about a prior event). The dominant approach has been to contrast neural activity elicited by recollected and unrecollected recognition memory test items and to dissociate these "retrieval success" effects from effects associated with recognition memory based on an acontextual sense of familiarity (e.g., Eldridge, Engel, Zeineh, Bookheimer, & Knowlton, 2005; Henson, Rugg, Shallice, Josephs, & Dolan, 1999 ; for reviews, see Kim, 2010; Spaniol et al., 2009; Skinner & Fernandez, 2007) . Through this approach, a number of regions have been identified where enhanced retrieval-related activity is selectively associated with recollection (although see Squire, Wixted, & Clark, 2007 for a different interpretation of findings for the medial-temporal lobe [MTL] ). Chief among these regions are the hippocampus and adjacent MTL cortex, posterior cingulate and retrosplenial cortex, medial pFC, and posterior parietal cortex. These regions have been identified using at least two different methods for operationalizing recollection-"remember/know" and source memory procedures (e.g., Duarte, Henson, & Graham, 2011; Woodruff, Johnson, Uncapher, & Rugg, 2005; Wheeler & Buckner, 2004; Cansino, Maquet, Dolan, & Rugg, 2002 )-and a variety of different stimulus materials. In light of these findings, it has been proposed that the regions are candidates for belonging to a "core" network that supports recollection regardless of the content of the retrieved information ( Johnson & Rugg, 2007) . In one of the regions belonging to this network-left inferior parietal cortex in the vicinity of the angular gyrus-retrieval-related activity has been reported to covary with the amount of information recollected (Guerin & Miller, 2011; Vilberg & Rugg, 2007 , 2009a , 2009b , prompting the proposal that this region contributes to the maintenance or representation of recollected content (Guerin & Miller, 2011; Vilberg & Rugg, 2008) .
Although fMRI studies have yielded a reasonably consistent picture of the neural correlates of recollection, almost without exception their findings have come from variants of tests of recognition memory. Recollection is held, however, to support both recognition and recall ( Yonelinas, 2002; Mandler, 1980) . Therefore, if the putative recollection network identified in studies of recognition memory is indeed central to the recovery and representation of episodic information, it should be engaged during successful item recall. As is discussed below, this issue has been little addressed.
The use of fMRI to investigate the neural correlates of free recall presents significant challenges, which are only just beginning to be addressed (e.g., Oztekin, Long, & Badre, 2010) . Cued recall, however, is more amenable to investigation with event-related fMRI since, as with recognition memory, retrieval-related activity can be time-locked to the presentation of a specific stimulus 1 University of California-Irvine, 2 University of Texas-Dallas event. Nonetheless, only a handful of fMRI studies of cued recall have been reported. Four of these investigated recall of paired associates (Habib & Nyberg, 2008; de Zubicaray et al., 2007; Meltzer & Constable, 2005; Henson, Shallice, Josephs, & Dolan, 2002) . In these studies, word pairs were presented at study, and test items comprised one member of a studied pair with the instruction to recall its pairmate (in Habib and Nyberg, the recall test was followed by a test of associative recognition for the study pairs). Henson et al. (2002) did not report contrasts between cue words eliciting successful versus unsuccessful recall. In Meltzer and Constable (2005) , cue words were repeated during the test trials, and recall accuracy was evaluated only in a subsequent test phase conducted outside the scanner. In the two remaining studies, cues eliciting successful rather than unsuccessful recall were associated with enhanced activity in regions that included the MTL, the lateral parietal cortex, and the posterior cingulate. These findings suggest that successful recall engages at least some of the same regions identified as recollection sensitive in studies of recognition memory (see above), but they are subject to a caveat. This arises because the test procedure confounded memory for the retrieval cue with memory for its associate (recall would have been more likely when the retrieval cue was recognized than when it was not, but memory for the cue was not independently assessed). Therefore, fMRI effects attributed to successful recall of the cueʼs associate could have been driven, at least partially, by recognition of the cue itself. An alternative to the paired associate procedure is to employ retrieval cues that correspond only partially to a studied item. This approach was adopted in two fMRI studies (Okada, Vilberg, & Rugg, 2012; Schott et al., 2005) in which the cues were the first three letters (stems) of studied words (see Rugg et al., 1998; Schacter, Alpert, Savage, Rauch, & Albert, 1996; Buckner et al., 1995; Squire et al., 1992 , for earlier PET studies of cued recall). In both fMRI studies, it was reported that successful recall was associated with enhanced activity in regionssuch as the MTL and the lateral parietal cortex-identified as recollection sensitive in recognition memory experiments, adding further credence to the notion that recall and recollection-driven recognition depend on the same core network.
The aim of this study was to extend the prior findings for cued recall by directly assessing, within participants and using a single retrieval test, the amount of overlap between the regions engaged by recall of a study item and regions engaged by retrieval of its study context. Retrieval of contextual information is held to be a hallmark of successful recollection and, when contrasted with test trials on which contextual retrieval was unsuccessful, is the principal means by which recollection has been operationalized in fMRI studies of recognition memory (see above). If item recall does indeed depend on the same processes that support recollection of episodic information more generally, the neural correlates of recall and successful contextual retrieval should overlap.
We addressed this issue with a test procedure first used in an ERP study by Allan and Rugg (1998) . Participants attempted to recall study words in response to the presentation of three-letter stems. If recall was successful, a judgment was then required as to which of two encoding contexts the word had appeared in at study. Thus, it was possible to identify retrieval effects sensitive to successful recall and, additionally, effects sensitive to the successful retrieval of the study context of a recalled item. Allan and Rugg (1998) reported that the two classes of retrieval effect, as expressed in ERPs, were additive: The effects elicited by stems that gave rise to successful recall (relative to stems corresponding to new words) were enhanced when source memory was also successful but maintained the same scalp topography. These findings suggest that at least some neural populations respond both to the successful recall of study items and, additionally, to the retrieval of their associated contexts. The present fMRI study allowed these populations to be identified. It was predicted that they will include regions previously implicated as members of the core recollection circuit described above.
METHODS

Participants
Participants were right-handed, native English speakers aged between 18 and 30 years. A total of 23 individuals (11 women) took part in the experiment. Volunteers were right-handed, with normal or corrected-to-normal vision, no known history of neurological disease, and no other contraindications for MRI. Informed consent was obtained from each participant before participation in accordance with the University of California, Irvine, Institutional Review Board guidelines. Five participants were excluded from all analyses: one because of excessive motion artifact (greater than 3 mm) and four because of poor behavior (either because of the contribution of fewer than 10 trials upon which both cued recall and source retrieval were successful or because of chance performance on the source judgment).
Stimuli
Critical stimuli were drawn from a pool of 560 words (based on the words originally employed by Rugg et al., 1998) in which the first three letters of each word were unique to the pool but were shared with at least four other words that were not included in the pool (words were five to nine letters long with a mean written frequency between 1 and 536 counts per million according to Kucera & Francis, 1967) . Allocation of words to experimental conditions was randomized on a subjectspecific basis. For each subject, two study lists were created containing 60 words each, and cued recall test lists were comprised of 90 unique, three-letter wordstems created from the 60 studied words and 30 unstudied words. An additional 24 words were selected from the stimulus pool to be used in a practice session, and another 12 were used as buffers in the study and test blocks. All stimuli were presented individually in white 40-point Helvetica font on a black background. Two buffer trials were added to the beginning and end of each study list, and two buffer trials were added to the beginning of each test list. Data from these buffer trials were excluded from all analyses to reduce the contribution of primacy and recency effects to the data.
Procedure
Participants completed a short practice session outside the scanner before beginning the first study session. The practice session consisted of two study-test blocks of 9 and 12 trials each, respectively. Participants received instructions on how to perform both study and test tasks before beginning the first study practice. After practice, participants were informed that they would undergo two study-test cycles just as in the practice session. Participants were then positioned in the scanner and remained there for the duration of the two study-test cycles.
Stimuli at study were presented on either the left or right side of fixation, whereas stimuli at test were presented in central vision. Study trials consisted of the presentation of a white fixation cross for 500 msec, followed by a red fixation cross for 200 msec, followed by a word for 2000 msec, and finally another white fixation cross for 1000 msec. Participants were instructed to evaluate whether each word was concrete or abstract and respond according to a 4-point scale, wherein 1 = very concrete, 2 = somewhat concrete, 3 = somewhat abstract, and 4 = very abstract. Abstract judgments were made with the middle and index fingers of one hand, and concrete judgments were made with the middle and index fingers of the other hand. Hand assignment was randomized across participants.
In each test block, old and new word-stems were pseudorandomly interspersed such that no more than four trials of a given type (old or new) occurred in succession. All test trials began with a white fixation cross for 800 msec, followed by a red fixation cross for 200 msec, followed by a word-stem for 1000 msec. Then, a variable duration (1800-5800 msec) white fixation cross was presented, followed by a speech prompt (the word "speak!") for 1000 msec, followed by another variable duration (3200-7200 msec) white fixation cross. These variable duration fixations were used to ensure that vocalization only occurred during the "silent" period of a volume acquisition (see fMRI Data Acquisition) and were set such that the interval between the onset of successive test items was always 12 sec. The interval between the onset of the test item and the speech prompt varied across trials between 2.8 and 6.8 sec.
Participants were instructed to attempt to complete each word-stem with a studied word or, if this was not possible, to complete the stem with the first word that came to mind. When completing a stem with an unstudied word, instructions were to say the completion, and then "new." When completing a stem with a studied word, instructions were to say the completion, and then "left" or "right" if the side of the screen on which the item was presented at study was remembered, or "donʼt know" if the location of the vocalized word at study could not be remembered. Participants were instructed to withhold vocalization until the prompt "speak!" appeared on the screen. Verbal responses were recorded via a scanner-compatible microphone.
fMRI Data Acquisition
High-resolution T1-weighted anatomical images (240 × 240 matrix, 1 mm 3 voxels) and BOLD, T2*-weighted echoplanar functional images (SENSE factor of 2, flip angle = 70°, matrix = 80 × 80, field of view = 24 cm, repetition time = 3500 msec, echo time = 30 msec) were acquired using a 3T Philips Achieva MRI scanner equipped with an eight-channel receiver head coil (Philips Medical Systems, Andover, MA). Three-hundred and twenty functional volumes were acquired during each test session. Each volume comprised 30 slices oriented parallel to the AC-PC line (thickness = 3 mm, interslice gap = 1 mm, in-plane resolution = 3 mm × 3 mm) acquired in an ascending sequence. The first two volumes of each session (comprising the first 7 sec of acquisition) were discarded to allow equilibration of tissue magnetization. Volumes were acquired with an acquisition time of 1479 msec and a repetition time of 3500 msec. The timing of successive trials was structured so as to ensure that each speech prompt onset immediately after data acquisition, providing a 2-sec window for a vocal response before acquisition of the succeeding volume. Thus, the fMRI data were not compromised by motion artifact associated with vocalization (see Henson et al., 2002) .
fMRI Data Analysis SPM (SPM8, Wellcome Department of Imaging Neuroscience, London, United Kingdom) run under Matlab R2010a (The Mathworks, Inc., Natick, MA) was used for fMRI data analysis. Functional imaging time series were subjected to realignment (to the mean image), slice-time correction, reorientation, spatial normalization to a standard EPI template (based on the Montreal Neurological Institute [MNI] reference brain; Cocosco, Kollokian, Kwan, & Evans, 1997) , resampling into 3-mm isotropic voxels using nonlinear basis functions (Ashburner & Friston, 1999) and smoothing with an 8-mm FWHM Gaussian kernel. Each subjectʼs anatomical volume was normalized to the MNI T1 template before averaging to create an across-subject (n = 18) mean image. Analysis was performed using a general linear model in which a 1-sec box car was used to model neural activity at stimulus onset. To model the BOLD response, this function was convolved with a canonical hemodynamic response function (Friston et al., 1998) . Six event types were modeled: stems associated with correct recall that attracted correct source judgments (source hits), stems associated with correct recall and incorrect or "donʼt know" source judgments (source misses), studied stems completed with new words and endorsed as new (misses), stems corresponding to unstudied words completed with novel words and endorsed as new (correct rejections), speech onset cues, and events of no interest. For each test block, the model also included as covariates the across-scan mean and six regressors representing motionrelated variance (three for rigid body translation and three for rotation). Transient head movements greater than 1 mm in any direction were eliminated via inclusion of the affected volumes as covariates in the first-level model. Such motion covariates were required for nine participants, with an average of 5.11 volumes excluded (range = 1-14). For each voxel, the image time series was high-pass filtered to 1/128 Hz. An AR(1) model was used to estimate and correct for nonsphericity of the error covariance (Friston et al., 2002) . The general linear model was used to obtain parameter estimates representing the activity elicited by the events of interest.
A voxel-wise statistical threshold of p < .001, combined with a cluster extent threshold of 26 contiguous voxels, was employed for the principal unidirectional contrasts. As estimated with Monte Carlo simulations implemented using the 3dClustSim function in AFNI, this cluster extent threshold gives a corrected cluster-wise significance level of p < .05. Coordinates of significant effects are reported in MNI space. Effects of interest are displayed on sections of the included participantsʼ mean normalized structural image or mapped onto a standard inflated (PALS-B12) fiducial brain represented in SPM5 space ( Van Essen, 2005; Van Essen et al., 2001) .
RESULTS
Behavioral Data
Behavioral performance is summarized in Table 1 . As can be seen in the table, participants recalled on average almost 50% of the study words while endorsing just over 80% of completions to unstudied stems as "new." Fewer than 10% of stems failed to elicit a response. Among the correctly recalled items, 60% were assigned to their correct encoding context. For stems eliciting correct recall, the mean probability of successful source recollection, estimated according to a single high-threshold model that takes the proportion of "donʼt know" responses into account (e.g., Park, Uncapher, & Rugg, 2008) was 0.35 (SD = 0.14). This value is significantly greater than the chance level of zero (t(17) = 10.60, p < .001, one-tailed).
fMRI Data
Analysis of the fMRI data took place in two principal stages. First, we identified where cue-elicited activity varied as a function of the accuracy of recall, contrasting cues corresponding to studied items according to whether they were associated with successful (hit) or unsuccessful (miss) recall.
1 Subsequently, we asked whether activity in any of the regions demonstrating recall success effects (greater activity for successful vs. unsuccessful recall) was additionally sensitive to whether recall was accompanied by accurate versus inaccurate source memory.
Regions where cue-elicited activity was greater for successful than unsuccessful recall are illustrated in Figure 1 , with peak coordinates and cluster sizes detailed in Table 2. Regions demonstrating enhanced activity for successful recall included posterior cingulate/retrosplenial/ medial parietal cortex, bilateral lateral parietal cortex, right superior frontal gyrus, right anterior and medial pFC, and left parahippocampal/fusiform cortex. To ascertain whether these generic recall effects were driven by both classes of recall trial (source hits and source misses), Hem = hemisphere; L = left; R = right. k is the number of voxels in the cluster identified by the generic recall contrast collapsed across source accuracy. Zc refers to the Z statistics for the source correct > miss and miss > source correct contrasts at the peak voxels identified in the generic contrast. Zi refers to the analogous contrasts between source incorrect and miss trials. Zc and Zi statistics are accurate to approximately ±0.02. Each of these subsidiary contrasts is reliable at p < .001 with the exception of the fusiform/parahippocampal cortex for source incorrect > miss. a This cluster extends into both midline and left lateral parietal cortex. The loci of the two principal lateral peaks are given.
we also performed separate source hit > miss and source miss > miss contrasts, each again thresholded at p < .001 (note the outcomes of these two contrasts do not inform the question of whether recall effects differ in their magnitude according to source accuracy; this question is addressed in a later section). As is evident from Figure 2 and Table 2 , the two contrasts revealed patterns of recall effects that each resembled the generic effects illustrated in Figure 1 . The one exception to this correspondence was the left parahippocampal/fusiform cortex, where recall effects exceeded the p < .001 threshold for source correct trials only. For the sake of comparability with our prior study (Okada et al., 2012) , we performed the reverse contrast to identify regions where unsuccessful recall was associated with greater activity (miss > hit). As is shown in Figure 3 and Table 2 , this contrast identified an extensive cluster in the left posterior inferior frontal gyrus, along with smaller clusters in bilateral postcentral gyrus. In light of a prior finding of a reliable miss > hit effect in the anterior intraparietal sulcus (IPS; Okada et al., 2012) , we also performed the miss > hit contrast using a small volume correction within a 5-mm-radius sphere centered on the peak coordinate of the prior effect (x = −52, y = −34, z = 48). The contrast was significant (peak at −54, −30, 48; Z = 2.74, corrected p < .025).
To identify regions where recall success effects were enhanced when the associated source memory judgment was accurate, we inclusively masked the hit > miss (i.e., recall success) contrast with the source correct > source incorrect contrast. For this analysis, we opted to maximize the sensitivity of the source accuracy contrast, because our principal goal was to identify recall-sensitive regions that are modulated by accuracy of source retrieval (cf. . Thus, we thresholded the hit > miss contrast at p < .001 (maintaining the 26 voxel extent threshold) and the source correct > source incorrect contrast at p < .05. The conjoint significance of these two orthogonal contrasts, as estimated by Fisherʼs method, is p < .0005 (Lazar, Luna, Sweeney, & Eddy, 2002) . As shown in Figure 4 (see also Table 3 ), several regions were identified where the effects of successful recall were modulated by source accuracy. These regions included the posterior cingulate/retrosplenial cortex, bilateral posterior parietal cortex, left parahippocampal/fusiform cortex, and medial pFC. Figure 4 includes plots of peak parameter estimates from a sub-set of these regions. As is evident from Figure 4 , activity in three of the highlighted regions (left and right lateral parietal cortex and posterior cingulate) demonstrates a similar pattern across the different trial types: greatest for source hits, least for misses and correct rejections, and intermediate for source misses (the same pattern was also evident for the medial pFC). An exception to this pattern was found in the left parahippocampal/ fusiform cortex, where activity elicited on source incorrect We performed a final analysis to determine whether source accuracy effects could be identified in regions outside those demonstrating effects of successful recall. This was accomplished by exclusively masking the source correct > source incorrect contrast (thresholded at p < .001, 26 voxel cluster extent threshold) with the contrast for successful > unsuccessful cued recall (also p < .001, 26 voxel cluster extent threshold). No significant clusters were identified.
DISCUSSION
The aim of this experiment was to determine whether regions sensitive to successful versus unsuccessful cued recall are also sensitive to the accuracy of a source memory judgment made on the recalled items (cf. . In several regions, including bilateral posterior parietal cortex, posterior cingulate, and parahippocampal cortex, recall effects were enhanced when participants made an accurate rather than an inaccurate source judgment. Below, we discuss the implications of these findings.
Cued Recall Effects
The regions where activity was enhanced when recall was successful corresponded closely to those described in two previous studies of cued recall (Okada et al., 2012; Schott et al., 2005) . Two aspects of the present findings are worth additional comment. First, as was also the case in Schott et al. (2005) , recall success effects in lateral parietal cortex were bilateral (see Figure 1 ). This stands in contrast to the findings for recognition paradigms, when retrieval success effects for verbal (and nonverbal) test items are typically strongly left-lateralized (Vilberg & Rugg, 2008 ; but see Klostermann, Loui, & Shimamura, 2009 ). This test-based dissociation has an intriguing parallel in Note that parameter estimates for correct rejections are given for illustrative purposes; these trials were not employed in the contrasts identifying these regions. Hem = hemisphere; L = left; R = right. Peak Z is for the outcome of the source hit > source miss contrast. k is the number of voxels in the identified cluster.
the ERP literature. A putative ERP correlate of successful recollection, the "parietal old/new effect" (Rugg & Curran, 2007) parallels analogous fMRI effects in lateral parietal cortex in that it also is typically left-lateralized when elicited by recognition memory test items. The ERP correlates of successful cued recall, by contrast, are bilaterally distributed (see Allan & Rugg, 1997 , for a direct contrast between the ERP effects elicited in each test). Why the lateralization of retrieval success effects in recall and recognition tests should differ is unclear (see Allan & Rugg, 1997, for discussion) . Nonetheless, the findings for cued recall indicate that left lateral parietal cortex does not invariably play a pre-eminent role in episodic retrieval relative to its right hemisphere counterpart (see Simons, Peers, Mazuz, Berryhill, & Olson, 2010 , for lesion evidence suggestive of a similar conclusion).
A second noteworthy aspect of the present findings concerns the recall effects localized to the IPS. Retrieval success effects in the mid-IPS are ubiquitous in studies of recognition memory and have variously been interpreted as evidence for a role in familiarity-driven recognition (Vilberg & Rugg, 2007) , evidence accumulation (Donaldson, Wheeler, & Petersen, 2010) , and top-down attentional control (Cabeza, Ciaramelli, Olson, & Moscovitch, 2008) . As was also the case in our previous study (Okada et al., 2012) , recall effects in the middle and anterior IPS demonstrated a cross-over interaction: Whereas the effects in the mid-IPS took the form of greater activity for hits than for misses, the anterior effects showed the reverse pattern. Together, the findings from these studies (see also Vilberg & Rugg, 2009c) clearly indicate that retrieval-related activity in the IPS is functionally heterogeneous (see Okada et al., 2012 , for further discussion).
Source Memory Effects
The present test procedure allowed participants to signal when source information about a recalled study word was unavailable (the "source donʼt know" response category of Table 1 ). One advantage of this procedure is that it reduces the diluting influence of "lucky guesses" on the neural activity elicited by correct source judgments. Another advantage is that, in principle, it affords the opportunity to contrast activity elicited on trials where source information was unavailable with the activity on trials where an incorrect source judgment was made, raising the possibility of detecting effects associated with "false recollection" (cf. Wais, Squire, & Wixted, 2010) . In this study, however, limitations on trial numbers meant that it was not possible to separately model these two response categories, which were instead collapsed into a single source incorrect category (the response category employed in prior studies in which a "donʼt know" option was not included; see Introduction). Thus, it remains to be established to what extent effects associated with successful source retrieval would also be elicited by trials on which the retrieved source information was nonveridical.
Successful source retrieval was associated with enhanced activity in several of the regions where activity was enhanced when recall was successful and no source effects were identified outside these regions. The overlap between recall and source memory effects lends support to the proposal that the regions in which overlap was observed-and which have been implicated in episodic retrieval in numerous studies of recognition memoryconstitute a "core" recollection network.
What is responsible for the additive effects of successful recall and source memory on retrieval-related activity? One possibility is that activity in these regions covaries with the amount of information recollected. By this argument (cf. Vilberg & Rugg, 2008) , the regions support processes that contribute to the maintenance or representation of retrieved information but which are indifferent to the form of that information. On the assumption that more retrieved information needs to be retrieved to identify both a studied word and its context than is needed to identify just the word itself, activity sensitive to amount of retrieved information should be modulated by source accuracy. This is not to say, however, that the regions where recall and source retrieval effects overlapped are functionally homogenous. For example, in some regions, item and context information might be represented as separately retrieved features of the study episode (cf. Diana, Yonelinas, & Ranganath, 2007) , whereas other regions might support the integration of these features into a unified episodic representation. We have previously proposed that lateral parietal cortex in the vicinity of the angular gyrus (BA 39) might play such an integrative role (Vilberg & Rugg, 2008; see Shimamura, 2011 , for a related proposal).
Unlike other regions where recall and source memory effects overlapped, retrieval success effects in the vicinity of posterior left parahippocampal/fusiform cortex were evident only when recall was accompanied by an accurate source judgment. This finding is consistent with proposals that parahippocampal cortex plays a more important role in the processing of spatial (and, perhaps, nonspatial) context than it does in the processing of item information (Diana et al., 2007; Bar, 2004) . However, the present data do not preclude the alternative possibility that retrievalrelated activity in this region is detectable only when a relatively large amount of information is retrieved, regardless of whether the information is context or item related. Resolution of this issue will require studies in which the amounts of retrieved item and contextual information are independently varied.
Overlapping effects of successful recall and source memory were found in only a subset of the regions demonstrating effects for successful recall (cf. Figures 1 and 2) . Notably, source memory effects were absent in the lateral prefrontal regions that demonstrated recall effects. While null findings should be treated cautiously, the lack of source memory effects in these regions is inconsistent with the proposal that successful source retrieval is associated with engagement of left lateral pFC (Lundstrom, Ingvar, & Petersson, 2005; Lundstrom et al., 2003) . The findings are, however, consistent with the idea that retrieval success effects in lateral pFC do not reflect processes supporting the representation or maintenance of retrieved information but rather strategic or control processes that operate downstream of retrieval (Herron, Henson, & Rugg, 2004; Ranganath & Knight, 2002) .
In addition to the regions where activity was enhanced when either recall or source memory retrieval was successful, other regions were identified where activity was greater for cues associated with unsuccessful recall ("reversed" recall effects). One of these regions-in the vicinity of the anterior IPS-was discussed above. The left dorsal inferior frontal gyrus also demonstrated reversed effects, replicating prior findings (Okada et al., 2012; Rugg et al., 1998) . As has been proposed previously , this finding likely reflects the role of this region in supporting the selection of additional candidate completions of word-stems that failed to elicit successful recall.
The present pattern of reversed recall effects differed from those reported previously (Okada et al., 2012) in that effects were not detected in right dorsolateral pFC. The prior findings were accounted for by appealing to the idea that this region supports the evaluation and monitoring of the outcome of a retrieval attempt (Fletcher & Henson, 2001; Henson, Rugg, Shallice, & Dolan, 2000 ; but see Han, Huettel, & Dobbins, 2009 ) on the assumption that monitoring is more heavily taxed when a retrieval cue is employed iteratively (that is, when recall fails) than when the cue elicits successful recall. Unlike in prior studies, though, here successful recall was associated with the requirement to attempt to retrieve source information. We conjecture that the failure to find reversed recall effects in right dorsolateral pFC arose because the monitoring demands imposed by the source memory judgment on recalled items roughly matched the demands associated with searching memory when recall was unsuccessful.
Conclusion
The present findings strengthen the proposal that retrieval of qualitative information about a prior study episoderecollection-is associated with the engagement of a set of primarily posterior cortical regions that constitute a content-and task-independent recollection network. Elucidation of the functional significance of recollectionrelated activity in each of these different regions is an important future challenge.
